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BODEGRADABLE DOWNHOLE TOOLS
CROSS-REFERENCE TO RELATED
APPLICATIONS

0001. The present application is related to co-pending
U.S. patent application Ser. No.
, filed on Mar. 17,
2004, and entitled “One-Time Use Composite Tool Formed
of Fibers and a Biodegradable Resin,” which is owned by
the assignee hereof, and is hereby incorporated herein by
reference in its entirety.
STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

0002) Not applicable.
REFERENCE TO A MICROFICHEAPPENDIX

0003) Not applicable.
FIELD OF THE INVENTION

0004. The present invention relates to biodegradable
downhole tools and methods of removing Such tools from
wellbores. More particularly, the present invention relates to
downhole tools or components thereof comprising an effec
tive amount of biodegradable material Such that the tool or
the component desirably decomposes when exposed to a
wellbore environment, and methods and Systems for decom
posing Such downhole tools in situ.
BACKGROUND OF THE INVENTION

0005. A wide variety of downhole tools may be used
within a wellbore in connection with producing hydrocar
bons or reworking a well that extends into a hydrocarbon
formation. Downhole tools Such as frac plugs, bridge plugs,
and packers, for example, may be used to Seal a component
against casing along the Wellbore wall or to isolate one
pressure Zone of the formation from another. Such downhole
tools are well known in the art.

0006 After the production or reworking operation is
complete, these downhole tools must be removed from the
wellbore. Tool removal has conventionally been accom
plished by complex retrieval operations, or by milling or
drilling the tool out of the wellbore mechanically. Thus,
downhole tools are either retrievable or disposable. Dispos
able downhole tools have traditionally been formed of
drillable metal materials. Such as cast iron, brass and alumi

num. To reduce the milling or drilling time, the next gen
eration of downhole tools comprises composites and other
non-metallic materials, Such as engineering grade plastics.
Nevertheless, milling and drilling continues to be a time
consuming and expensive operation. Therefore, a need
exists for disposable downhole tools that are removable
without being milled or drilled out of the wellbore, and for
methods of removing disposable downhole tools without
tripping a significant quantity of equipment into the well
bore. Further, a need exists for disposable downhole tools
that are removable from the wellbore by environmentally
conscious methods and Systems.
SUMMARY OF THE INVENTION

0007. The present invention relates to a disposable down
hole tool or a component thereof comprising an effective

amount of biodegradable material Such that the tool or the
component desirably decomposes when exposed to a well
bore environment. In an embodiment, the biodegradable
material comprises a degradable polymer. The biodegrad
able material may further comprise a hydrated organic or
inorganic Solid compound. The biodegradable material may
also be Selected to achieve a desired decomposition rate
when the tool is exposed to the wellbore environment. In an
embodiment, the tool or component is Self-degradable. In an
embodiment, the disposable downhole tool further com
prises an enclosure for Storing a chemical Solution that
catalyzes decomposition of the tool or the component. The
tool may also comprise an activation mechanism for releas
ing the chemical Solution from the enclosure. In various
embodiments, the disposable downhole tool comprises a
frac plug, a bridge plug, a packer, or another type of
wellbore Zonal isolation device.

0008. In another aspect, the present invention relates to a
method for performing a downhole operation wherein a
disposable downhole tool is installed within a wellbore
comprising desirably decomposing the tool or a component
therof in situ via exposure to the wellbore environment. In
an embodiment, the tool or a component thereof is fabricated
from an effective amount of biodegradable material Such
that the tool or the component desirably decomposes when
exposed to the wellbore environment. The method may
further comprise Selecting the biodegradable material to
achieve a desired decomposition rate of the tool or the
component. In various embodiments, the method further
comprises exposing the tool or the component to an aqueous
fluid before the tool is installed in the wellbore or while the

tool is installed within the wellbore. In an embodiment, at

least a portion of the aqueous fluid is released from a
hydrated compound within the tool when the compound is
exposed to the wellbore environment. The method may
further comprise catalyzing decomposition of the tool or the
component by applying a chemical Solution onto the tool,
either before, during, or after the downhole operation. In
various embodiments, the chemical Solution is applied to the
tool by dispensing the chemical Solution into the wellbore;
by lowering a frangible object containing the chemical
Solution into the Wellbore and breaking the frangible object;
by extending a conduit into the Wellbore and flowing the
chemical Solution through the conduit onto the tool; or by
moving a dart within the Wellbore and engaging the dart with
the tool to release the chemical Solution.

0009. In yet another aspect, the present invention relates
to a System for applying a chemical Solution to a disposable
downhole tool or a component thereof that desirably decom
poses when exposed to a wellbore environment, wherein the
chemical Solution catalyzes decomposition of the tool or the
component. The chemical may be a caustic fluid, an acidic
fluid, an enzymatic fluid, an oxidizer fluid, a metal Salt
catalyst Solution or a combination thereof. In an embodi
ment, the System further comprises an enclosure for con
taining the chemical Solution. The System may also include
an activation mechanism for releasing the chemical Solution
from the enclosure. In various embodiments, the activation

mechanism may be mechanically operated, hydraulically
operated, electrically operated, timer-controlled, or operated
via a communication means. In various embodiments, the

enclosure is disposed on the tool, lowered to the tool on a
Slick line, or dropped into the wellbore to engage the tool. In
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an embodiment, the System further comprises a conduit
extending into the wellbore to apply the chemical Solution
onto the tool.

0010. In still another aspect, the present invention relates
to a method for desirably decomposing a disposable down
hole tool or a component thereof installed within a wellbore
comprising releasing water from a compound within the tool
upon exposure to heat in the wellbore environment, and at
least partially decomposing the tool or the component by
hydrolysis.
BRIEF SUMMARY OF THE DRAWINGS

0.011 FIG. 1 is a schematic, cross-sectional view of an
exemplary operating environment depicting a biodegradable
downhole tool being lowered into a wellbore extending into
a Subterranean hydrocarbon formation;
0012 FIG. 2 is an enlarged side view, partially in cross
Section, of an embodiment of a biodegradable downhole tool
comprising a frac plug being lowered into a wellbore;
0013 FIG. 3 is an enlarged cross-sectional side view of
a wellbore having a representative biodegradable downhole
tool with an optional enclosure installed therein;
0.014 FIG. 4A is an enlarged cross-sectional side view of
a wellbore with a biodegradable downhole tool installed
therein and with a pumpable dart moving in the wellbore
toward the tool;

0.015 FIG. 4B is an enlarged cross-sectional side view of
a wellbore with a biodegradable downhole tool installed
therein and with a gravity dart moving in the wellbore
toward the tool;

0016 FIG. 5 is an enlarged cross-sectional side view of
a wellbore with a biodegradable downhole tool installed
therein and with a line lowering a frangible object contain
ing chemical Solution towards the tool; and
0017 FIG. 6 is an enlarged cross-sectional side view of
a wellbore with a biodegradable downhole tool installed
therein and with a conduit extending towards the tool to
dispense chemical Solution.
DETAILED DESCRIPTION

0.018 FIG. 1 schematically depicts an exemplary oper
ating environment for a biodegradable downhole tool 100.
AS depicted, a drilling rig 110 is positioned on the earth's
Surface 105 and extends over and around the wellbore 120

that penetrates a Subterranean formation F for the purpose of
recovering hydrocarbons. At least the upper portion of the
wellbore 120 may be lined with casing 125 that is cemented
127 into position against the formation F in a conventional
manner. The drilling rig 110 includes a derrick 112 with a rig
floor 114 through which a cable 118, such as a wireline,
jointed pipe, or coiled tubing, for example, extends down
wardly from the drilling rig 110 into the wellbore 120. The
cable 118 suspends an exemplary biodegradable downhole
tool 100, which may comprise a frac plug, a bridge plug, a
packer, or another type of Wellbore Zonal isolation device,
for example, as it is being lowered to a predetermined depth
within the wellbore 120 to perform a specific operation. The
drilling rig 110 is conventional and therefore includes a
motor driven Winch and other associated equipment for

extending the cable 118 into the wellbore 120 to position the
tool 100 at the desired depth.
0019 While the exemplary operating environment of
FIG. 1 depicts a stationary drilling rig 110 for lowering and
setting the biodegradable downhole tool 100 within the
wellbore 120, one of ordinary skill in the art will readily
appreciate that instead of a drilling rig 110, mobile workOver
rigs, well Servicing units, and the like, may be used to lower
the tool 100 into the wellbore 120.

0020 Structurally, the biodegradable downhole tool 100
may take a variety of different forms. In an embodiment, the
tool 100 comprises a plug that is used in a well stimulation/
fracturing operation, commonly known as a “frac plug
.”FIG. 2 depicts an exemplary biodegradable frac plug,
generally designated as 200, as it is being lowered into a
wellbore. The frac plug 200 comprises an elongated tubular
body member 210 with an axial flowbore 205 extending
therethrough. A cage 220 is formed at the upper end of the
body member 210 for retaining a ball 225 that acts as a
one-way check valve. In particular, the ball 225 seals off the
flowbore 205 to prevent flow downwardly therethrough, but
permits flow upwardly through the flowbore 205. A packer
element assembly 230, which may comprise an upper Seal
ing element 232, a center Sealing element 234, and a lower
sealing element 236, extends around the body member 210.
One or more slips 240 are mounted around the body member
210 below the packer assembly 230. The slips 240 are
guided by a mechanical slip body 245. A tapered shoe 250
is provided at the lower end of the body member 210 for
guiding and protecting the frac plug 200 as it is lowered into
the wellbore 120. An optional enclosure 275 for storing a
chemical Solution may also be mounted on the body member
210 or may be formed integrally therein. In an embodiment,
the enclosure 275 is formed of a frangible material.
0021 One or more components of the frac plug 200, or
portions thereof, are formed from biodegradable materials.
More specifically, the frac plug 200 or a component thereof
comprises an effective amount of biodegradable material
such that the plug 200 or the component desirably decom
poses when exposed to a wellbore environment, as further
described below. In particular, the biodegradable material
will decompose in the presence of an aqueous fluid in a
wellbore environment. A fluid is considered to be “aqueous”
herein if the fluid comprises water alone or if the fluid
contains water. The biodegradable components of the frac
plug 200 may be formed of any material that is suitable for
Service in a downhole environment and that provides
adequate Strength to enable proper operation of the plug.200.
The particular material matrix used to form the biodegrad
able components of the frac plug 200 may be selected for
operation in a particular pressure and temperature range, or
to control the decomposition rate of the plug 200 or a
component thereof. Thus, a biodegradable frac plug 200
may operate as a 30-minute plug, a three-hour plug, or a
three-day plug, for example, or any other timeframe desired
by the operator.
0022 Nonlimiting examples of biodegradable materials
that may form various components of the frac plug 200, or
another biodegradable downhole tool 100, include but are
not limited to degradable polymers. A polymer is considered
to be “degradable' herein if the degradation is due to, inter
alia, chemical and/or radical proceSS Such as hydrolysis,
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oxidation, or UV radiation. The degradability of a polymer
depends at least in part on its backbone structure. For
instance, the presence of hydrolyzable and/or oxidizable
linkages in the backbone often yields a material that will
degrade as described herein. The rates at which Such poly
merS degrade are dependent on the type of repetitive unit,
composition, Sequence, length, molecular geometry,

molecular weight, morphology (e.g., crystallinity, size of
spherulites, and orientation), hydrophilicity, hydrophobicity,

made Such as from lactides, lactic acid, or oligomers, and
without reference to the degree of polymerization or level of
plasticization.
0027. The lactide monomer exists generally in three
different forms: two stereoisomers L- and D-lactide and

racemic D.L-lactide (meso-lactide). The oligomers of lactic
acid, and oligomers of lactide are defined by the formula:

Surface area, and additives. Also, the environment to which

the polymer is Subjected may affect how it degrades, e.g.,
temperature, presence of moisture, Oxygen, microorganisms,
enzymes, pH, and the like.
0023 Suitable examples of degradable polymers that
may form various components of the disposable downhole

Formula II

l

HO

m H

O

tools 100 include but are not limited to those described in the

publication of Advances in Polymer Science, Vol. 157
entitled “Degradable Aliphatic Polyesters' edited by A. C.
Albertsson. Specific examples include homopolymers, ran
dom, block, graft, and Star- and hyper-branched aliphatic
polyesters. Polycondensation reactions, ring-opening poly
merizations, free radical polymerizations, anionic polymer
izations, carbocationic polymerizations, coordinative ring
opening polymerization, and any other Suitable process may
prepare Such Suitable polymers. Specific examples of Suit
able polymers include polysaccharides Such as dextran or
cellulose; chitin; chitosans, proteins, aliphatic polyesters,

poly(lactides); poly(glycolides); poly(e-caprolactones),
poly(hydroxybutyrates); poly(anhydrides); aliphatic poly
carbonates; poly(orthoesters); poly(amino acids); poly(eth
ylene oxides); and polyphosphaZenes. Of these Suitable
polymers, aliphatic polyesters and polyanhydrides are pre
ferred.

0024 Aliphatic polyesters degrade chemically, inter alia,
by hydrolytic cleavage. Hydrolysis can be catalyzed by
either acids or bases. Generally, during the hydrolysis,
carboxylic end groups are formed during chain Scission, and
this may enhance the rate of further hydrolysis. This mecha
nism is known in the art as “autocatalysis,” and is thought
to make polyester matrices more bulk eroding.
0.025 Suitable aliphatic polyesters have the general for
mula of repeating units shown below:
Formula I

0028 where m is an integer: 2sms 75. Preferably m is
an integer: 2sms 10. These limits correspond to number
average molecular weights below about 5,400 and below
about 720, respectively. The chirality of the lactide units
provides a means to adjust, inter alia, degradation rates, as

well as physical and mechanical properties. Poly(L-lactide),

for instance, is a Semicrystalline polymer with a relatively
slow hydrolysis rate. This could be desirable in downhole
operations where a slower degradation of the degradable

material is desired. Poly(D.L-lactide) may be a more amor

phous polymer with a resultant faster hydrolysis rate. This
may be Suitable for other downhole operations where a more
rapid degradation may be appropriate. The Stereoisomers of
lactic acid may be used individually or combined in accor
dance with the present invention. Additionally, they may be
copolymerized with, for example, glycolide or other mono
mers like C-caprolactone, 1,5-dioxepan-2-one, trimethylene
carbonate, or other Suitable monomers to obtain polymers
with different properties or degradation times. Additionally,
the lactic acid Stereoisomers can be modified by blending,
copolymerizing or otherwise mixing high and low molecular
weight polylactides, or by blending, copolymerizing or
otherwise mixing a polylactide with another polyester or
polyesters.
0029 Plasticizers may also be present in the polymeric
degradable materials comprising the disposable downhole
tools 100. Suitable plasticizers include but are not limited to
derivatives of oligomeric lactic acid, Selected from the group
defined by the formula:
Formula III

0026 where n is an integer between 75 and 10,000 and R
is Selected from the group consisting of hydrogen, alkyl,
aryl, alkylaryl, acetyl, heteroatoms, and mixtures thereof. Of
the Suitable aliphatic polyesters, poly(lactide) is preferred.
Poly(lactide) is synthesized either from lactic acid by a
condensation reaction or more commonly by ring-opening
polymerization of cyclic lactide monomer. Since both lactic
acid and lactide can achieve the same repeating unit, the
general term poly(lactic acid) as used herein refers to
Formula I without any limitation as to how the polymer was

ls,
0030 where R is a hydrogen, alkyl, aryl, alkylaryl,
acetyl, heteroatom, or a mixture thereof and R is Saturated,
where R' is a hydrogen, alkyl, aryl, alkylaryl, acetyl, het
eroatom, or a mixture thereof and R' is Saturated, where R

and R' cannot both be hydrogen, where q is an integer:
2Sqs 75; and mixtures thereof. Preferably q is an integer:
2sqs 10. As used herein the term “derivatives of oligomeric
lactic acid” includes derivatives of oligomeric lactide.
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0031. The plasticizers may be present in any amount that
provides the desired characteristics. For example, the vari

ous types of plasticizers discussed herein provide for (a)

more effective compatibilization of the melt blend compo

nents; (b) improved processing characteristics during the
blending and processing steps, and (c) control and regulate
the Sensitivity and degradation of the polymer by moisture.
For pliability, plasticizer is present in higher amounts while
other characteristics are enhanced by lower amounts. The
compositions allow many of the desirable characteristics of
pure nondegradable polymers. In addition, the presence of
plasticizer facilitates melt processing, and enhances the
degradation rate of the compositions in contact with the
wellbore environment. The intimately plasticized composi
tion should be processed into a final product in a manner
adapted to retain the plasticizer as an intimate dispersion in

the polymer for certain properties. These can include: (1)
plasticizer as an intimate dispersion; (2) melt processing and

quenching the composition at a rate adapted to retain the
quenching the composition at a rate adapted to retain the

plasticizer as an intimate dispersion; and (3) processing the

composition into a final product in a manner adapted to
maintain the plasticizer as an intimate dispersion. In certain
preferred embodiments, the plasticizers are at least inti
mately dispersed within the aliphatic polyester.

0032 A preferred aliphatic polyester is poly(lactic acid).
D-lactide is a dilactone, or cyclic dimer, of D-lactic acid.
Similarly, L-lactide is a cyclic dimer of L-lactic acid. MeSo
D.L-lactide is a cyclic dimer of D-, and L-lactic acid.
Racemic D.L-lactide comprises a 50/50 mixture of D-, and
L-lactide. When used alone herein, the term “D.L-lactide' is
intended to include meso D.L-lactide or racemic D.L-lac

tide. Poly(lactic acid) may be prepared from one or more of
the above. The chirality of the lactide units provides a means
to adjust degradation rates as well as physical and mechani

cal properties. Poly(L-lactide), for instance, is a Semicrys

talline polymer with a relatively slow hydrolysis rate.

Poly(D.L-lactide) is an amorphous polymer with a faster

hydrolysis rate. The Stereoisomers of lactic acid may be used
individually combined or copolymerized in accordance with
the present invention.
0033. The aliphatic polyesters may be prepared by Sub
Stantially any of the conventionally known manufacturing
methods Such as those described in U.S. Pat. Nos. 6,323,
307; 5,216,050; 4,387,769; 3,912,692; and 2,703,316, which

are hereby incorporated herein by reference in their entirety.

0034 Poly(anhydrides) are another type of particularly
Suitable degradable polymer useful in the disposable down

hole tools 100. Poly(anhydride) hydrolysis proceeds, inter

alia, via free carboxylic acid chain-ends to yield carboxylic
acids as final degradation products. The erosion time can be
varied over a broad range of changes in the polymer back

bone. Examples of Suitable poly(anhydrides) include poly(adipic anhydride), poly(Suberic anhydride), poly(sebacic
anhydride), and poly(dodecanedioic anhydride). Other Suit
able examples include but are not limited to poly(maleic
anhydride) and poly(benzoic anhydride).
0035. The physical properties of degradable polymers
depend on Several factorS Such as the composition of the
repeat units, flexibility of the chain, presence of polar
groups, molecular mass, degree of branching, crystallinity,
orientation, etc. For example, Short chain branches reduce
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the degree of crystallinity of polymers while long chain
branches lower the melt Viscosity and impart, inter alia,
elongational Viscosity with tension-Stiffening behavior. The
properties of the material utilized can be further tailored by
blending, and copolymerizing it with another polymer, or by

a change in the macromolecular architecture (e.g., hyper
branched polymers, Star-shaped, or dendrimers, etc.). The
properties of any Such Suitable degradable polymers (e.g.,
hydrophobicity, hydrophilicity, rate of degradation, etc.) can
be tailored by introducing Select functional groups along the

polymer chains. For example, poly(phenylactide) will
degrade at about /sth of the rate of racemic poly(lactide) at
a pH of 7.4 at 55C. One of ordinary skill in the art with the

benefit of this disclosure will be able to determine the

appropriate functional groups to introduce to the polymer
chains to achieve the desired physical properties of the
degradable polymers.
0036). In various embodiments, the frac plug 200 or a
component thereof is Self-degradable. Namely, the frac plug
200, or portions thereof, are formed from biodegradable
materials comprising a mixture of a degradable polymer,

Such as the aliphatic polyesters or poly(anhydrides) previ

ously described, and a hydrated organic or inorganic Solid
compound. The degradable polymer will at least partially
degrade in the releasable water provided by the hydrated
organic or inorganic compound, which dehydrates over time
when heated due to exposure to the wellbore environment.

0037 Examples of the hydrated organic or inorganic
Solid compounds that can be utilized in the Self-degradable
frac plug 200 or self-degradable component thereof include,
but are not limited to, hydrates of organic acids or their Salts
Such as Sodium acetate trihydrate, L-tartaric acid disodium
Salt dihydrate, Sodium citrate dihydrate, hydrates of inor
ganic acids or their Salts. Such as Sodium tetraborate decahy
drate, Sodium hydrogen phosphate heptahydrate, Sodium
phosphate dodecahydrate, amylose, Starch-based hydro
philic polymers, and cellulose-based hydrophilic polymers.
Of these, Sodium acetate trihydrate is preferred.
0038. In operation, the frac plug 200 of FIG. 2 may be
used in a well Stimulation/fracturing operation to isolate the
Zone of the formation F below the plug 200. Referring now
to FIG. 3, the frac plug 200 is shown disposed between
producing Zone A and producing Zone B in the formation F.
In a conventional well Stimulation/fracturing operation,
before setting the frac plug 200 to isolate Zone A from Zone
B, a plurality of perforations 300 are made by a perforating

tool (not shown) through the casing 125 and cement 127 to
extend into producing Zone A. Then a well Stimulation fluid
is introduced into the wellbore 120, such as by lowering a

tool (not shown) into the wellbore 120 for discharging the

fluid at a relatively high pressure or by pumping the fluid
directly from the drilling rig 110 into the wellbore 120. The
well stimulation fluid passes through the perforations 300
into producing Zone A of the formation F for Stimulating the
recovery of fluids in the form of oil and gas containing
hydrocarbons. These production fluids pass from Zone A,
through the perforations 300, and up the wellbore 120 for
recovery at the drilling rig 10.
0039. The frac plug 200 is then lowered by the cable 118
to the desired depth within the wellbore 120, and the packer
element assembly 230 is set against the casing 125 in a
conventional manner, thereby isolating Zone A as depicted in
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FIG. 3. Due to the design of the frac plug 200, the ball 225
within cage 220 will unseal the flowbore 205, such as by
unseating from the upper surface 207 of the flowbore 205,
for example, to allow fluid from isolated Zone A to flow
upwardly through the frac plug 200. However, the ball 225
will seal off the flowbore 205, such as by seating against the
upper surface 207 of the flowbore 205, for example, to
prevent flow downwardly into the isolated Zone A. Accord
ingly, the production fluids from Zone A continue to pass
through the perforations 300, into the wellbore 120, and
upwardly through the flowbore 205 of the frac plug 200,
before flowing into the wellbore 120 above the frac plug 200
for recovery at the rig 110.
0040. After the frac plug 200 is set into position as shown
in FIG. 3, a second set of perforations 310 may then be
formed through the casing 125 and cement 127 adjacent
intermediate producing Zone B of the formation F. Zone B
is then treated with well Stimulation fluid, causing the
recovered fluids from Zone B to pass through the perfora
tions 310 into the wellbore 120. In this area of the wellbore

120 above the frac plug 200, the recovered fluids from Zone
B will mix with the recovered fluids from Zone A before

flowing upwardly within the wellbore 120 for recovery at
the drilling rig 110.
0041) If additional well stimulation/fracturing operations
will be performed, Such as recovering hydrocarbons from
Zone C, additional frac plugs 200 may be installed within the
Wellbore 120 to isolate each Zone of the formation F. Each

frac plug 200 allows fluid to flow upwardly therethrough
from the lowermost Zone A to the uppermost Zone C of the
formation F, but pressurized fluid cannot flow downwardly
through the frac plug 200.
0042. After the fluid recovery operations are complete,
the frac plug 200 must be removed from the wellbore 120.
In this context, as Stated above, at least Some components of
the frac plug 200, or portions thereof, are formed from
biodegradable materials. More specifically, the frac plug 200
or a component thereof comprises an effective amount of
biodegradable material such that the plug 200 or the com
ponent desirably decomposes when exposed to a wellbore
environment. In particular, these biodegradable materials
will decompose in the presence of an aqueous fluid in a
wellbore environment. A fluid is considered to be “aqueous”
herein if the fluid comprises water alone or if the fluid
contains water. Aqueous fluids may be present naturally in
the wellbore 120, or may be introduced to the wellbore 120
before, during, or after downhole operations. Alternatively,
the frac plug 200 may be exposed to an aqueous fluid prior
to being installed within the wellbore 120. Further, for those
embodiments of the frac plug 200 or a component thereof
that are Self-degradable, an aqueous fluid is released by the
hydrated organic or inorganic Solid compound as it dehy
drates over time when heated in the wellbore environment.

Thus, the self-degradable frac plug 200 or component
thereof is Suitable for use in a non-aqueous wellbore envi
rOnment.

0043. Accordingly, in an embodiment, the frac plug 200
is designed to decompose over time while operating in a
wellbore environment, thereby eliminating the need to mill
or drill the frac plug 200 out of the wellbore 120. Thus, by
exposing the biodegradable frac plug 200 to wellbore tem
peratures and an aqueous fluid, at least Some of its compo

nents will decompose, causing the frac plug 200 to lose
Structural and/or functional integrity and release from the
casing 125. The remaining components of the plug 200 will
simply fall to the bottom of the wellbore 120. In various
alternate embodiments, degrading one or more components
of a downhole tool 100 performs an actuation function,
opens a passage, releases a retained member, or otherwise
changes the operating mode of the downhole tool 100.
0044) In choosing the appropriate biodegradable materi
als for the frac plug 200 or a component thereof, one should
consider the degradation products that will result. These
degradation products should not adversely affect other
operations or components. The choice of biodegradable
materials also can depend, at least in part, on the conditions
of the well, e.g., wellbore temperature. While no upper
temperature limit is known to exist, lactides have been found
to be Suitable for lower temperature wells, including those
within the range of 60 F. to 150 F., and polylactides have
been found to be suitable for wellbore temperatures above

this range. Also, poly(lactic acid) may be Suitable for higher
temperature wells in the range of from about 350 F. to 500
F. Some Stereoisomers of poly(lactide) or mixtures of Such
Stereoisomers may be Suitable for even higher temperature
applications. In certain embodiments, the Subterranean for
mation F has a temperature above about 180° F., and
self-degradable frac plugs 200 are most suitable for use
where the formation F has a temperature in excess of about
200 F. to facilitate release of the water in the hydrated
organic or inorganic compound.

0045. As stated above, the biodegradable material form
ing components of the frac plug 200 may be selected to
control the decomposition rate of the plug 200 or a compo
nent thereof. However, in Some cases, it may be desirable to
catalyze decomposition of the frac plug 200 or the compo
nent by applying a chemical Solution to the plug 200. The
chemical Solution comprises a caustic fluid, an acidic fluid,
an enzymatic fluid, an oxidizer fluid, a metal Salt catalyst
Solution or a combination thereof, and may be applied before
or after the frac plug 200 is installed within the wellbore 120.
Further, the chemical Solution may be applied before, dur
ing, or after the fluid recovery operations. For those embodi
ments where the chemical Solution is applied before or
during the fluid recovery operations, the biodegradable
material, the chemical Solution, or both may be Selected to
ensure that the frac plug 200 or a component thereof
decomposes over time while remaining intact during its
intended Service.

0046) The chemical solution may be applied by means
internal to or external to the frac plug 200. In an embodi
ment, an optional enclosure 275 is provided on the frac plug
200 for storing the chemical solution 290 as depicted in
FIG. 3. An activation mechanism, Such as a slideable valve,

for example, may be provided to release the chemical
solution 290 from the optional enclosure 275 onto the frac
plug 200. This activation mechanism may be timer-con
trolled or operated mechanically, hydraulically, electrically,
or via a communication means, Such as a wireleSS Signal, for
example. This embodiment would be advantageous for fluid
recovery operations using more than one frac plug 200, Since
the activation mechanism for each plug 200 could be actu
ated as desired to release the chemical Solution 290 from the
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enclosure 275 so as to decompose each plug 200 at the
appropriate time with respect to the fluid recovery opera
tions.

0047 As depicted in FIG. 4A, in another embodiment, a
pumpable dart 400 releases the chemical Solution 290 onto
the frac plug 200. As depicted, the pumpable dart 400
engages and Seals against the casing 125 within the wellbore
120. Therefore, fluid must be pumped into the wellbore 120
behind the dart 400 to force the pumpable dart 400 to move
within the wellbore 120. In one embodiment, the optional
enclosure 275 on the frac plug 200 is positioned above the
cage 220 on the uppermost end of the frac plug 200, and the
pumpable dart 400 is moved by fluid pressure within the
wellbore 120 to engage the enclosure 275. In an embodi
ment, the pumpable dart 400 actuates the activation mecha
nism to mechanically release the chemical Solution from the
enclosure 275 onto the frac plug 200. In another embodi
ment, the optional enclosure 275 is frangible, and the
pumpable dart 400 engages the enclosure 275 with enough
force to break it, thereby releasing the chemical Solution
onto the frac plug 200. In yet another embodiment, the
chemical solution is stored within the pumpable dart 400,
which is frangible. In this embodiment, the pumpable dart
400 is moved by fluid pressure within the wellbore 120 and
engages the frac plug 200 with enough force to break the
dart 400, thereby releasing the chemical solution onto the
plug 200.

0.048 AS depicted in FIG. 4B, in another embodiment, a
gravity dart 450 may be used to release the chemical solution
290 onto the frac plug 200. Unlike the pumpable dart 400,
the gravity dart 450 does not engage or Seal against the
casing 125 within the wellbore 120, and fluid flow is not
required to move the dart 450 within the wellbore 120.
Instead, the gravity dart 450 moves by free falling within the
wellbore 120. The various embodiments and methods of

using the pumpable dart 400 to release the chemical solution
290 onto the frac plug 200, as described above, apply also
to the gravity dart 450.
0049 Referring now to FIG. 5, in another embodiment,
a slick line 500 may be used to lower a container 510 filled
with chemical Solution 290 adjacent the frac plug 200 to
release the chemical solution 290 onto the plug 200. In an
embodiment, the container 510 is frangible and is broken
upon engagement with the frac plug 200 to release the
chemical solution 290 onto the plug 200. In various other
embodiments, the chemical Solution 290 may be released
from the container 510 via a timer-controlled operation, a
mechanical operation, a hydraulic operation, an electrical
operation, or via a communication means, Such as a wireleSS
Signal, for example.
0050 FIG. 6 depicts another embodiment of a system for
applying a chemical Solution 290 to the frac plug 200
comprising a conduit 600, Such as a coiled tubing or work
string, that extends into the wellbore 120 to a depth where
the terminal end 610 of the conduit 600 is adjacent the frac
plug 200. Chemical solution 290 may then flow downwardly
through the conduit 600 to spot the chemical solution 290
onto the frac plug 200. Alternatively, if the chemical solution

In another embodiment, the chemical Solution 290 may be
dispensed into the wellbore 120 during fluid recovery opera
tions. In a preferred embodiment, the fluid that is circulated
into the wellbore 120 during the downhole operation com
prises both the aqueous fluid and the chemical solution 290
to decompose the frac plug 200 or a component thereof.
0051 Removing a biodegradable downhole tool 100,
such as the frac plug 200 described above, from the wellbore
120 is more cost effective and less time consuming than
removing conventional downhole tools, which requires
making one or more trips into the wellbore 120 with a mill
or drill to gradually grind or cut the tool away. Further,
biodegradable downhole tools 100 are removable, in most
cases, by Simply exposing the tools 100 to a naturally
occurring downhole environment over time. The foregoing
descriptions of Specific embodiments of the biodegradable
tool 100, and the systems and methods for removing the
biodegradable tool 100 from the wellbore 120 have been
presented for purposes of illustration and description and are
not intended to be exhaustive or to limit the invention to the

precise forms disclosed. Obviously many other modifica
tions and variations are possible. In particular, the type of
biodegradable downhole tool 100, or the particular compo
nents that make up the downhole tool 100 could be varied.
For example, instead of a frac plug 200, the biodegradable
downhole tool 100 could comprise a bridge plug, which is
designed to seal the wellbore 120 and isolate the Zones
above and below the bridge plug, allowing no fluid com
munication in either direction. Alternatively, the biodegrad
able downhole tool 100 could comprise a packer that
includes a shiftable valve Such that the packer may perform
like a bridge plug to isolate two formation Zones, or the
shiftable valve may be opened to enable fluid communica
tion therethrough.
0052 While various embodiments of the invention have
been shown and described herein, modifications may be
made by one skilled in the art without departing from the
Spirit and the teachings of the invention. The embodiments
described here are exemplary only, and are not intended to
be limiting. Many variations, combinations, and modifica
tions of the invention disclosed herein are possible and are
within the Scope of the invention. Accordingly, the Scope of
protection is not limited by the description Set out above, but
is defined by the claims which follow, that Scope including
all equivalents of the Subject matter of the claims.
What is claimed is:

290 is more dense than the other fluids in the wellbore 120,

1. A disposable downhole tool or a component thereof
comprising an effective amount of biodegradable material
Such that the tool or the component desirably decomposes
when exposed to a wellbore environment.
2. The disposable downhole tool or the component thereof
of claim 1 wherein the biodegradable material comprises a
degradable polymer.
3. The disposable downhole tool or the component thereof
of claim 2 wherein the degradable polymer comprises an
aliphatic polyester.
4. The disposable downhole tool or the component thereof
of claim 3 wherein the aliphatic polyester comprises a
polylactide.
5. The disposable downhole tool or the component thereof

the chemical solution 290 could be dispensed by injecting it
directly into the wellbore 120 at the drilling rig 110 to flow
downwardly to the frac plug 200 without using conduit 600.

thereof.

of claim 4 wherein the polylactide comprises poly(L-lac
tide), poly(D-lactide), poly(D.L-lactide), or combinations
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6. The disposable downhole tool or the component thereof
of claim 1 wherein the biodegradable material comprises
one or more compounds Selected from the group consisting
of polysaccharides, chitin; chitosans, proteins, aliphatic

22. The disposable downhole tool or the component
thereof of claim 1 wherein the decomposition is due to
hydrolysis.
23. The disposable downhole tool or the component
thereof of claim 1 further comprising an enclosure for
Storing a chemical Solution that catalyzes decomposition.
24. The disposable downhole tool or the component

7. The disposable downhole tool or the component thereof
of claim 2 wherein the degradable polymer comprises poly
anhydrides.
8. The disposable downhole tool or the component thereof
of claim 1 wherein the biodegradable material comprises
one or more compounds Selected from the group consisting

prises: a caustic fluid, an acidic fluid, an enzymatic fluid, an
oxidizer fluid, a metal Salt catalyst Solution or a combination

polyesters; poly(lactides); poly(glycolides); poly(e-capro
lactones); poly(hydroxybutyrates); poly(anhydrides); ali
phatic polycarbonates; poly(orthoesters); poly(amino acids);
poly(ethylene oxides); and polyphosphaZenes.

of poly(adipic anhydride), poly(Suberic anhydride), poly(se
bacic anhydride), poly(dodecanedioic anhydride), poly(ma
leic anhydride), and poly(benzoic anhydride).

9. The disposable downhole tool or the component thereof
of claim 2 further comprising plasticizers.
10. The disposable downhole tool or the component
thereof of claim 9 wherein the plasticizers comprise deriva
tives of oligomeric lactic acid.
11. The disposable downhole tool or the component
thereof of claim 1 wherein the biodegradable material com

prises poly(lactic acid).

12. The disposable downhole tool or the component
thereof of claim 1 wherein the biodegradable material com

prises poly(phenylactide).
13. The disposable downhole tool or the component

thereof of claim 2 further comprising a hydrated organic or
inorganic Solid compound.
14. The disposable downhole tool or the component
thereof of claim 13 wherein the hydrated organic or inor
ganic Solid compound comprises hydrates of organic acids
or organic acid Salts.
15. The disposable downhole tool or the component
thereof of claim 13 wherein the hydrated organic or inor
ganic Solid compound comprises one or more compounds
Selected from the group consisting of Sodium acetate trihy
drate, L-tartaric acid disodium Salt dihydrate, Sodium citrate
dihydrate, Sodium tetraborate decahydrate, Sodium hydro
gen phosphate heptahydrate, Sodium phosphate dodecahy
drate, amylose, Starch-based hydrophilic polymers, and cel
lulose-based hydrophilic polymers.
16. The disposable downhole tool or the component
thereof of claim 1 wherein the biodegradable material com
prises an aliphatic polyester and Sodium acetate trihydrate.
17. The disposable downhole tool or the component
thereof of claim 1 wherein the biodegradable material com
prises a polyanhydride and Sodium acetate trihydrate.
18. The biodegradable downhole tool or the component
thereof of claim 1 wherein the biodegradable material is
Selected to achieve a desired decomposition rate when the
tool is exposed to the wellbore environment.
19. The disposable downhole tool or the component
thereof of claim 1 wherein the wellbore environment com

prises an aqueous fluid.
20. The disposable downhole tool or the component
thereof of claim 1 wherein the tool or the component is
Self-degradable.
21. The disposable downhole tool or the component
thereof of claim 20 wherein the wellbore environment

comprises a wellbore temperature of at least about 200
degrees Fahrenheit.

thereof of claim 23 wherein the chemical Solution com
thereof.

25. The disposable downhole tool or the component
thereof of claim 23 further comprising an activation mecha
nism for releasing the chemical Solution from the enclosure.
26. The disposable downhole tool or the component
thereof of claim 25 wherein the activation mechanism

comprises a frangible enclosure body.
27. The disposable downhole tool or the component
thereof of claim 25 wherein the activation mechanism is
timer-controlled.

28. The disposable downhole tool or the component
thereof of claim 25 wherein the activation mechanism is

mechanically operated.
29. The disposable downhole tool or the component
thereof of claim 25 wherein the activation mechanism is

hydraulically operated.
30. The disposable downhole tool or the component
thereof of claim 25 wherein the activation mechanism is

electrically operated.
31. The disposable downhole tool or the component
thereof of claim 25 wherein the activation mechanism is

operated by a communication means.
32. The disposable tool or the component thereof of claim
1 wherein the decomposition comprises loSS of Structural
integrity of the tool or the component.
33. The disposable tool or the component thereof of claim
1 wherein the decomposition comprises loSS of functional
integrity of the tool or the component.
34. The disposable tool or the component thereof of claim
1 wherein the tool or the component decomposes within
about a predetermined amount of time.
35. The disposable downhole tool or the component
thereof of claim 1 wherein the tool is a frac plug.
36. The disposable downhole tool or the component
thereof of claim 1 wherein the tool is a bridge plug.
37. The disposable downhole tool or the component
thereof of claim 1 wherein the tool is a packer.
38. A method for performing a downhole operation
wherein a disposable downhole tool is installed within a
wellbore comprising: desirably decomposing the tool or a
component thereof in Situ via exposure to the wellbore
environment.
39. The method of claim 40 wherein the tool or the

component thereof is fabricated from an effective amount of
biodegradable material Such that the tool or the component
thereof desirably decomposes when exposed to the wellbore
environment.

40. The method of claim 39 wherein the biodegradable
material comprises: a degradable polymer.
41. The method of claim 39 further comprising selecting
the biodegradable material to achieve a desired decomposi
tion rate of the tool or the component thereof.
42. The method of claim 39 further comprising exposing
the tool or the component thereof to an aqueous fluid.
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43. The method of claim 42 wherein at least a portion of
the aqueous fluid is released from a hydrated organic or
inorganic Solid compound within the tool when the com
pound is exposed to the wellbore environment.
44. The method of claim 43 wherein the wellbore envi

ronment comprises a wellbore temperature of at least about
200 degrees Fahrenheit.
45. The method of claim 42 wherein the tool or the

component thereof is exposed to the aqueous fluid before the
tool is installed in the wellbore.
46. The method of claim 42 wherein the tool or the

component thereof is exposed to the aqueous while the tool
is installed within the wellbore.
47. The method of claim 38 wherein the tool or the

component thereof decomposes via hydrolysis.
48. The method of claim 38 wherein the decomposition
comprises loSS of Structural integrity of the tool or the
component thereof.
49. The method of claim 38 wherein the decomposition
comprises loSS of functional integrity of the tool or the
component thereof.
50. The method of claim 38 wherein the tool or the

component thereof decomposes within about a predeter
mined amount of time.

51. The method of claim 38 further comprising catalyzing
decomposition of the tool or the component thereof by
applying a chemical Solution to the tool or the component
thereof.
52. The method of claim 51 wherein the chemical Solution

comprises: a caustic fluid, an acidic fluid, an enzymatic fluid,
an oxidizer fluid, a metal Salt catalyst Solution or a combi
nation thereof.
53. The method of claim 51 wherein the chemical Solution

is applied to the tool or the component thereof before the
downhole operation.
54. The method of claim 51 wherein the chemical Solution

is applied to the tool or the component thereof during the
downhole operation.
55. The method of claim 51 wherein the chemical Solution

is applied to the tool or the component thereof after the
downhole operation.
56. The method of claim 51 wherein the chemical Solution

is applied to the tool or the component thereof Via a
timer-controlled operation.
57. The method of claim 51 wherein the chemical Solution

is applied to the tool or the component thereof Via a
mechanical operation.
58. The method of claim 51 wherein the chemical Solution

is applied to the tool or the component thereof Via a
hydraulic operation.
59. The method of claim 51 wherein the chemical Solution

is applied to the tool or the component thereof Via an
electrical operation.
60. The method of claim 51 wherein the chemical Solution

is applied to the tool or the component thereof using a
communication means.
61. The method of claim 51 wherein the chemical Solution

is applied to the tool or the component thereof by dispensing
the chemical Solution into the wellbore.

62. The method of claim 61 wherein the dispensing step
comprises injecting the chemical Solution into the Wellbore.
63. The method of claim 61 wherein the dispensing step
comprises:

lowering a frangible object containing the chemical Solu
tion into the wellbore; and

breaking the frangible object.
64. The method of claim 61 wherein the dispensing step
comprises:
lowering a conduit into the Wellbore, and
flowing the chemical Solution through the conduit onto
the tool.

65. The method of claim 51 further comprising:
moving a dart within the wellbore; and
engaging the dart with the tool to release the chemical
Solution.
66. The method of claim 65 wherein the dart contains the
chemical Solution.
67. The method of claim 65 wherein the tool or the

component thereof contains the chemical Solution.
68. The method of claim 65 wherein the moving step
comprises pumping a fluid into the wellbore behind the dart.
69. The method of claim 65 wherein the moving step
comprises allowing the dart to free fall by gravity.
70. The method of claim 38 wherein the tool comprises a
frac plug, a bridge plug, or a packer.
71. A System for applying a chemical Solution to a
disposable downhole tool or the component thereof that
desirably decomposes when exposed to a wellbore environ
ment; wherein the chemical Solution catalyzes decomposi
tion of the tool or the component thereof.
72. The system of claim 71 further comprising an enclo
Sure for containing the chemical Solution.
73. The system of claim 72 wherein the enclosure is
disposed on the tool.
74. The system of claim 72 further comprising an acti
Vation mechanism for releasing the chemical Solution from
the enclosure.

75. The system of claim 74 wherein the activation mecha
nism is a frangible enclosure body.
76. The system of claim 74 wherein the activation mecha
nism is timer-controlled.

77. The system of claim 74 wherein the activation mecha
nism is mechanically operated.
78. The system of claim 74 wherein the activation mecha
nism is hydraulically operated.
79. The system of claim 74 wherein the activation mecha
nism is electrically operated.
80. The system of claim 74 wherein the activation mecha
nism is operated by a communication means.
81. The system of claim 72 wherein the enclosure is
broken to release the chemical Solution.

82. The system of claim 81 wherein the enclosure is
lowered to the tool on a slick line.

83. The system of claim 81 wherein the enclosure is
dropped into the Wellbore to engage the tool.
84. The system of claim 71 further comprising a conduit
extending into the wellbore to apply the chemical Solution
onto the tool or the component thereof.
85. The system of claim 71 wherein the chemical solution
comprises: a caustic fluid, an acidic fluid, an enzymatic fluid,
an oxidizer fluid, a metal Salt catalyst Solution or a combi
nation thereof.

86. A method of applying a chemical Solution to a
disposable downhole tool or the component thereof that
desirably degrades when exposed to a wellbore environ
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ment; wherein the chemical Solution catalyzes decomposi
tion of the tool or the component thereof.
87. The method of claim 86 wherein the applying step
comprises releasing the chemical Solution from Storage
integral to the tool.
88. The method of claim 86 wherein the applying step
comprises releasing the chemical Solution from Storage
external to the tool.

89. The method of claim 86 wherein the applying step
comprises dispensing the chemical Solution into the well
bore.

90. The method of claim 86 wherein the
comprises loSS of Structural integrity of the
component thereof.
91. The method of claim 86 wherein the
comprises loSS of functional integrity of the
component thereof.

degradation
tool or the
degradation
tool or the

92. The method of claim 86 wherein the tool or the

component thereof degrades within about a predetermined
amount of time.

93. The method of claim 86 wherein the applying step
comprises a timer-controlled operation, a mechanical opera
tion, a hydraulic operation, an electrical operation, an opera
tion using a communication means, or a combination
thereof.

94. The method of claim 86 wherein the applying step
comprises breaking a container that Stores the chemical
Solution.

95. A method for desirably decomposing a disposable
downhole tool or the component thereof installed within a
wellbore comprising:
releasing water from a compound within the tool or the
component thereof due to exposure to heat in the
wellbore; and

at least partially decomposing the tool or the component
thereof by hydrolysis.
96. The method of claim 95 wherein the tool or the

component thereof comprises an effective amount of biode
gradable material Such that the tool or the component thereof
desirably decomposes when exposed to a wellbore environ
ment.

97. The method of claim 96 wherein the biodegradable
material comprises: a degradable polymer.
98. The method of claim 96 further comprising selecting
the biodegradable material to achieve a desired decomposi
tion rate of the tool or the component thereof.
99. The method of claim 95 wherein the decomposition
comprises loSS of Structural integrity of the tool or the
component thereof.
100. The method of claim 95 wherein the decomposition
comprises loSS of functional integrity of the tool or the
component thereof.

